Background: Canada has a growing multi national immigrant population. Many com monly used cognitive assessment tools have known cultural biases and are difficult to use in ethnically diverse patient populations. The Rowland Universal Dementia Assessment Scale (RUDAS) is a cognitive assessment tool that was created for culturally and linguis tically diverse populations. We performed a systematic review and metaanalysis to assess the psychometric characteristics of the RUDAS and to compare it with other avail able tools.
Methods:
We identified studies that assessed the psychometric properties of the RUDAS compared with a reference standard for diagnosing dementia or compared the RUDAS to other cognitive assessment tools. Two independent reviewers screened the abstracts and fulltext articles and reviewed bibliographies for further references. We extracted data using standardized forms and assessed studies for risk of bias.
Results: Our search resulted in 148 articles, from which 11 were included. The RUDAS was as sessed in 1236 participants and was found to have a pooled sensitivity of 77.2% (95% confi dence interval [CI] 67.4-84.5) and a pooled speci ficity of 85.9% (95% CI 74.8-92.6) yielding a pos itive likelihood ratio of 5.5 (95% CI 2.9-10.7) and a negative likelihood ratio of 0.27 (95% CI 0.17-0.40). A pooled estimate of the correlation between the RUDAS and the MiniMental State Examination (MMSE) was 0.77 (95% CI 0.72-0.81). Results of the RUDAS were less affected by language and education level than the MMSE.
Interpretation:
The RUDAS is a brief and freely available cognitive assessment tool with rea sonable psychometric characteristics that may be particularly useful in patients with diverse backgrounds.
Scale (RUDAS) was developed in 2004 in Australia and was designed specifically to address the challenges of detecting cognitive impairment in culturally and linguistically diverse populations. 10 The RUDAS is a 6-item questionnaire that assesses multiple cognitive domains and can be administered in less than 10 minutes (Table 1) . The original validation study of the RUDAS showed excellent psychometric properties in a multiethnic Australian population. 10 This initial cross-sectional validation study included 90 participants (45 with dementia and 45 without) from the community. The mean age was 79.5 years, and less than half of the participants had more than 6 years of education. Both the interrater (intraclass correlation coefficient [ICC] 0.99) and test-retest (ICC 0.98) reliabilities of the RUDAS were very high. Compared with the criteria of the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV), the RUDAS was found to have a sensitivity of 89% (95% confidence interval [CI] 76-96) and specificity of 98% (95% CI 88-97). Performance on the RUDAS was not affected by years of education (p = 0.20) or preferred language (p = 0.33). 10 Given the above-mentioned limitations of the MMSE and MoCA, the RUDAS may be a cognitive assessment tool that can assist clinicians in better assessing culturally and linguistically diverse populations. In this systematic review and meta-analysis, we sought to determine whether the initially reported strong psychometric properties of the RUDAS have been reproduced in other settings (objective 1), and to determine how the RUDAS compares to other commonly used brief cognitive assessment tools (objective 2).
Methods

Search strategy
We used a broad search strategy to identify any published study that assessed the RUDAS. We included studies with adult populations (≥ 18 yr) assessed with the RUDAS, irrespective of study design, as long as original data were used.
Studies published in any language assessing the psychometric properties of the RUDAS compared with a reference standard (for the diagnosis of dementia) were included for objective 1. The reference standard could include detailed neuropsychologic testing, expert assessment or appropriate DSM criteria. For objective 2, we included any studies comparing the RUDAS with an alternative cognitive assessment tool. Studies were excluded if the RUDAS was part of the reference standard for diagnosing dementia (objective 1 only) or if they did not use the RUDAS in its entirety.
We searched multiple databases for relevant search terms (Appendix 1, available at www .cmaj .ca/lookup/suppl/doi:10.1503/cmaj .140802 /-/DC1). Reference lists of identified articles were searched manually for further relevant articles. We contacted the corresponding authors of all studies to determine whether any further articles were available and to request any missing information from their studies.
Data collection and analysis
Two independent reviewers (R.M.N. and S.H.) inspected the abstract for each study and applied the inclusion and exclusion criteria. Studies meeting the criteria then had a full-text review by the same 2 independent reviewers. Disagreements were resolved by a third reviewer (S.A.).
We extracted the following details from each article: the numbers of participants with and without dementia (based on the reference standard), the sensitivity and specificity for the RUDAS and MMSE, and the correlations between the MMSE and RUDAS. We used the method of Reitsma and colleagues 11 as implemented in the R-package mada 12 to obtain pooled estimates of sensitivity, specificity, positive and negative likelihood ratios, 13 and the area under the summary receiver operator characteristic curve (AUC), and to carry out meta-regression. We used the I 2 statistic to measure heterogeneity. 14 We obtained a pooled correlation coefficient and its 95% CI by backtransforming the random-effects summary of the Fisher-transformed correlation coefficients.
Quality assessment
Two reviewers (R.M.N. and S.H.) independently assessed the methodologic quality of the included studies using the QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies-2) tool. 15 The tool was designed for use in systematic reviews to evaluate the risk of bias and applicability of diagnostic accuracy studies. 15 Disagreements were resolved by a third reviewer (S.A.).
Subgroup analyses
A meta-regression compared studies that investigated patients within cultures with those that studied patients across cultures.
Results
Search results
The initial search yielded 148 studies. After abstract and full-text review, 11 published articles and 3 published abstracts were selected ( Figure 1 ). Data were extracted for the full-text articles only, because insufficient data were available from the abstracts [16] [17] [18] and further data were unobtainable. Available data from the abstracts can be found in Appendix 2 (available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj .140802/-/DC1).
The 11 identified studies were completed in 6 different countries. All studies used formal interpreters when needed. One study assessed an inpatient population, 19 another investigated residents of a nursing home, 20 and the rest assessed use of the RUDAS in older adults living in the community. A summary of data on the studies and participants can be found in Table 2. 10,19-28 A total of 1236 participants were included, with study size ranging from 46 to 204 participants. Ten studies were cross-sectional and one was case-control. 21 Eight studies assessed the sensitivity and specificity of the RUDAS compared with a reference standard. Nine studies compared the RUDAS to another cognitive assessment tool, which was the MMSE in all studies. One study 23 also assessed the General Practitioner Assessment of Cognition (GPCOG) in addition to the MMSE and RUDAS. Because the GPCOG is a participant-and informant-based questionnaire and only assessed in this single study, no further comparison has been made in this review.
Quality assessment
The overall quality of the studies was very good as assessed by QUADAS-2 (Table 3) . However, there were a few limitations in the included studies. Four studies did not report clearly on the method of participant selection. 20, 21, 23, 25 Of the 8 studies that were used to assess the psychometric properties of the RUDAS, one was a casecontrol study 21 and one did not prespecify the cut-off point to determine a positive test on the RUDAS. 24 Two studies also excluded participants with mild cognitive impairment in their analyses. 22, 25 In the 3 studies that only compared the RUDAS with the MMSE, 19, 20, 28 assessors were aware of the dementia status of participants. The threshold or cut-off score of either test was also not prespecified in these 3 studies.
Demographics
The mean age of participants was 73.5 years, and 60.9% were female. The mean educational attainment was 7.3 years (reported in 6 studies, n = 637 participants). One study included only participants without dementia 28 and another included only participants with dementia. 20 Excluding these 2 studies, the proportion of participants with dementia ranged from 20% to 75%. Alzheimer dementia was the most common type (Table 2 ).
Objective 1: psychometric properties of the RUDAS Eight studies assessed the sensitivity and specificity of the RUDAS and all used the DSM-IV criteria as the reference standard. All but one 24 used the original cut-off score (< 23). The pooled estimates were 77.2% (95% CI 67.4-84.5) for Studies identi ed through literature search n = 148
Full-text screening n = 28
Met criteria n = 14
Compared RUDAS with another cognitive assessment tool n = 9
Assessed RUDAS against gold standard test for diagnosis of dementia n = 8
Excluded n = 120
(not relevant)
Excluded n = 14
• Duplicates n = 10 • Did not assess psychometrics n = 4
Excluded n = 3
(insuf cient data)
Studies with available data n = 11 sensitivity and 85.9% (95% CI 74.8-92.6) for specificity ( Figure 2 ). There was substantial heterogeneity among studies for both the sensitivity (I 2 = 66%, p < 0.001) and specificity (I 2 = 78%, p < 0.001). The pooled positive likelihood ratio was 5.5 (95% CI 2.9-10.7), and the pooled negative likelihood ratio was 0.27 (95% CI 0.17-0.40). The AUC for the RUDAS was 0.87 ( Figure 3) .
In meta-regression, specificity (p = 0.01) but not sensitivity (p = 0.8) was significantly higher in the cross-cultural group. Estimated values of specificity within and across cultures were 72.5% and 91.4%; the corresponding values for sensitivity were 76.1% and 78.3%.
There was no significant difference between the 2 groups in the mean value of the correlation between the MMSE and the RUDAS (p = 0.6).
Objective 2: the RUDAS compared with the MMSE In the 6 studies that also reported on diagnostic performance of the MMSE, the pooled estimates were 81.8% (95% CI 72.6-88.5) for sensitivity and 76.4% (95% CI 63.7-83.8) for specificity; the AUC was 0.86 ( Figure 3) . Meta-analysis of the 9 studies that reported a correlation between the RUDAS and the MMSE found a pooled estimate of 0.77 (95% CI 0.72-0.81) and significant heterogeneity (I 2 = 63.1%).
Effect of education
Four studies investigated the effect of patients' education level on the results of the RUDAS. The initial validation study 10 found no effect of education level on RUDAS performance (p = 0.20) in 90 participants, based on a multivariable regression model including age, sex, education and preferred language. One Australian study (n = 111, mean education 6.2 yr) reported a significant effect of education on the performance of the MMSE (p = 0.016) but not of the RUDAS (p > 0.05, exact value not reported). 22 In a study from India (n = 116, mean education 5.5 yr), RUDAS scores had a smaller correlation (0.45) with years of education than MMSE scores (0.64). 21 Another study, from Denmark (n = 76, mean education 3.9 yr), found that the correlation with years of education was lower for RUDAS scores (0.42) than for MMSE scores (0.76).
28
Effect of language
Three Australian studies investigated effects of language on RUDAS performance. The original validation study (n = 90) found no significant effect of language on RUDAS performance (p = 0.33) 10 using the multivariable model described above. Another study (n = 111) found that the participant's preferred language was significantly related to the MMSE score (p = 0.015) but not the RUDAS score (p value not reported). 22 A third study (n = 204) reported an association between English as a first language and performance on the MMSE (p < 0.01) but not on the RUDAS (p = 0.30). 24 The RUDAS was also noted to be easier to translate between languages in one study, although this was not formally studied.
28
Immigrant status
One study (n = 137) looked specifically at the immigrancy status of participants 26 and showed that test performance on the RUDAS was not significantly affected (p = 0.08), whereas it was on the MMSE (p = 0.02).
Clinician preference
One study showed that clinician preference was generally stronger for the MMSE than the RUDAS (6 v. 1 of 12 clinicians preferred the measure, respectively), which was thought to be due to greater familiarity with the MMSE. Despite the novelty of the RUDAS, the authors commented that clinicians preferred the RUDAS in culturally and linguistically diverse populations in this study, although numerical estimates were not provided.
19
Other results
Two studies examined test-retest reliability of the RUDAS and found it to be quite high (ICC 0.98 and 0.96). 10, 20 Interrater reliability was reported in 2 trials and was also found to be high (ICC 0.99 and 0.71). 10, 27 Two studies showed good internal consistency of the RUDAS (Cronbach α = 0.89 and 0.74).
20,23
Interpretation
The RUDAS has been studied in many parts of the world and is a useful brief tool to both rule in (positive likelihood ratio 5.5) and rule out (negative likelihood ratio 0.27) dementia. It has a particularly high specificity across cultures in immigrant populations (91.4%). The RUDAS performed similarly to the MMSE, and results may be less affected by education and language. The effect of immigrancy status on results of the RUDAS needs further study. There is also a suggestion from one study that clinicians appear to prefer the RUDAS to the MMSE for use in diverse populations. The RUDAS thus appears to be a useful cognitive assessment tool for all patients with suspected impairment, and may be particularly preferable in patients from culturally and linguistically diverse populations.
It has been well-established both in the literature 8, 9 and in clinical practice that many available cognitive assessment tools have cultural and edu- cational biases, including the MMSE. The RUDAS was designed to address these limitations and aimed to better assess patients from diverse backgrounds. It is important to note that although the RUDAS was interpreted independently of the formal diagnosis of cognitive impairment in most of the included studies, the MMSE was not. The studies would therefore be biased toward showing stronger psychometric properties of the MMSE. Despite this potential bias, the RUDAS still performed similarly to the MMSE in these studies. This further suggests that the RUDAS is a useful tool for cognitive assessment.
Strengths and limitations
We performed a comprehensive review of the literature through an extensive search of multiple databases, reviewed all bibliographies, and attempted to contact all corresponding authors. We are thus confident that all relevant articles have been identified. The overall quality of the articles that assessed the psychometric properties of the RUDAS were strong. The diversity of countries that have studied the RUDAS and the strong test performance both between and within cultures also add to the generalizability of the results. The population in the various studies is also similar to those seen in most outpatient clinical settings. There were several limitations to our review. No studies have analyzed the responsiveness of the RUDAS to cognitive changes over time or with any specific interventions such as a trial of medications. As mentioned above, only 2 studies investigated test-retest reliability data, interrater reliability or internal consistency of the RUDAS. One further limitation is that all studies used formal interpreters, which may not always be available in clinical practice; this potentially limits generalizability when testing must be done in a language that is not the patient's primary language. We were also unable to obtain full data on education level and literacy for several studies (Table 2 ) despite attempts to contact study authors. Finally, 3 studies published in abstract form could not be included because we were unable to obtain full data. Inclusion of the data from the one abstract with sufficient information to perform a sensitivity analysis 24 showed no significant change in the reported sensitivity and specificity of the RUDAS (Appendix 3, available at www.cmaj.ca/lookup/suppl/doi :10.1503/cmaj .140802/-/DC1).
Conclusion
The RUDAS is a freely available, effective brief cognitive assessment tool that has shown strong psychometric properties in several countries. It shows particular advantage in culturally and linguistically diverse populations. Given our aging immigrant population in Canada and the anticipated increase in dementia prevalence worldwide in coming decades, earlier and more accurate detection of dementia in these populations will become increasingly important.
Further studies to evaluate the effect of education, language and immigrancy status on RUDAS performance are needed. Research focusing on validating this tool in Canada's diverse populations should be undertaken.
